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Oxygen non-stoichiometry  
and defect structure of LaMn1-zCuzO3+δ
 The quantitative model analysis of the defect structure of copper doped 
lanthanum manganites LaMn1-zCuzO3+δ (z = 0.05 and 0.1) was performed. In 
the framework of the model, the independent course of the three reactions of 
defect formation, including the electronic exchange between manganese and 
copper, completion of a lattice by the absorption of oxygen and the dispropor-
tionation of manganese was considered. It is shown that the increase in the 
dopant content leads to a change in the dominant electronic process. This is 
reflected in the lock and disproportionation and leads to the increase in the 
concentration of holes and decrease the concentration of electrons localized on 
the manganese atoms.
Keywords: lanthanum manganites; oxygen non-stoichiometry; thermodynamic characteristics of reactions; 
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Introduction 
The study of lanthanum man-
ganite LaMnO3±δ  started with published 
in 1950, the work of Jonker and van San-
tena Santena [1] and has continued at 
present. The reason is that lanthanum 
manganites, partially doped alkaline earth 
metals, mainly calcium or strontium, are 
today indispensable cathode materials for 
high-temperature fuel cells [1, 2, 3]. Lan-
thanum manganites with partial substi-
tution of manganese for other 3d-metals 
have been studied less.
 However, the isomorphic substitu-
tion of manganese for copper leads to a 
substantial change of the magnetic and 
catalytic performance of lanthanum man-
ganite [4], most likely due to the increased 
lability of the oxygen sublattice [5] and 
presence of 3d-metal in mixed oxidation 
states [4]. In his early work [6] we have 
analyzed the oxygen non-stoichiometry 
LaMn1-zCuzO3+δ  and proposed a model of 
its defect structure. However, quantitative 
analysis of this model was not performed. 
In this paper, we present the results of this 
analysis.
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Theory
As oxygen non-stoichiometry of cop-
per substituted lanthanum manganites 
are studied exclusively in the area of ex-
cess oxygen, the modeling of the defect 
structure in these manganites is only 
for this area. According to Jonker [7], if 
in LaMnO3+δ  Mn is substituted for 
copper, which is more electronegative 
3d-metal, we should expect the reaction.
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where MnMn
´  и MnMn
  – Mn+3 и Mn+4, 
respectively, as well as the disproportion-
ation of manganese
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where 2Mn Mn MnMn Mn Mn
× ⇔ + / , together 
with the relevant conditions of mass bal-
ance and electroneutrality, we obtain the 
system of equations that defines the model 
of the defect structure of LaMn1-zCuzO3+δ
(4)
The solution of system (5) is rather 
complicated dependence of the general 
form, 
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the explicit form which because of its 
bulkiness was  omitted in the text.
Results and discussion
In Fig. 1, 2 there are the dependences 
of the absolute oxygen non stoichiometry 
of substituted manganites LaMn1zCuzO3+δ, 
where z = 0.05 and 0.10, respectively, from 
the partial pressure of oxygen and tem-
perature.
 It follows from these figures that 
in the whole studied range of tempera-
tures and pressures of oxygen manganite 
LaMn0.95Cu0.05O3+δ and LaMn0.90Cu0.10O3+δ 
remain beyond stoichiometric on oxygen.
For LaMn0.80Cu0.20O3±δ  was set to 
[6], that the value of the oxygen content 
varies slightly, decreasing from 3.024 at 
1173 K in a pure oxygen atmosphere to 
a value almost equal to three for lоg(pO2/
атм)= -2.76 and T = 1373 K. The sample 
LaMn0.70Cu0.30O3+δ has been investigated 
[6] only in the environment of air in the 
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temperature interval 1173 – 1473 K. The 
obtained data showed that in all investi-
gated temperature interval, the sample 
remained stoichiometric relative to the 
oxygen. 
In Fig. 1 and 2  the results of the verifi-
cation of the model, according to equation 
(5), LaMn1-zCuzO3+δ are shown using tem-
perature dependences of the equilibrium 
constants (see system (4)). The param-
eters of the corresponding temperature 
dependences obtained by minimizing 
the deviation of model surfaces from ex-
perimental data, together with correlation 
coefficients are summarized in table 1. As 
can be seen from this table and Fig. 1, be-
tween the values of pO2 calculated by the 
proposed model and defined experimen-
tally, good agreement is observed.
 It follows from table 1 that the ad-
dition of copper (z=0.05 and 0.10) in 
LaMnO3+δ  practically does not change 
the thermodynamic characteristics of 
reactions of completion of construction 
of the lattice of perovskite (2) compared 
with neoperabelny manganite of lantha-
num [8]. A small addition of copper (z 
= 0.05) in LaMnO3+δ has little impact on 
the course of the disproportionation of 
manganese (3), as this enthalpy of this 
reaction increases slightly. However, the 
increase in copper (z = 0.10) is expressed 
in a dramatic change in the process of dis-
proportionation (3), which acquires a pro-
nounced thermally activated character, as 
evidenced by the anomalously large value 
of enthalpy, k J 6000, compared to almost 
zero enthalpy of disproportionation to 
unsubstituted LaMnO3+δ [8]. It should 
be noted that the equilibrium constant of 
reaction (4) for LaMn0.90Cu0.10O3+δ in the 
temperature interval investigated takes 
extremely low values, varying from 10 to 
60 at 1173 K up to 1373 K. Therefore, the 
equilibrium in the disproportionation of 
(3) is almost completely shifted to manga-
nese ions Mn+3. Therefore, is reasonable 
to simplify the model of the defect struc-
ture of LaMn0.90Cu0.10O3+δ  by removing 
from consideration the disproportiona-
tion of manganese. The corresponding 
simplification of the system (4) leads to a 
relatively simple model equation. 
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Fig. 1. The result of the model analysis of the 
defect structure of LaMn0.95Cu0.05O3+δ. 
Filled symbols – experiment [6]; surface 
corresponds to the equation (5)
Fig. 2. The result of the model analysis of 
the defect structure of LaMn0.9Cu0.1O3+δ. 
Filled symbols – experiment [6]; surface 
corresponds to the equation (5)
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The results of the verification of a 
simplified model of the defect structure 
of LaMn0.90Cu0.10O3+δ  according to equa-
tion (6) are also presented in table 1. As 
can be seen, for this model the correla-
tion coefficient R2 was significantly closer 
to 1 compared with a model taking into 
account reaction (3). It should be added 
that the sum of squared deviations for the 
model which corresponds to equation (6) 
is 0.068, while for the sought model con-
sidering reaction (3) is 0.224. Therefore 
further calculations of concentrations of 
defects for LaMn0.90Cu0.10O3+δ was carried 
Fig. 3. The dependence of the concentration 
of electronic defects in LaMnO3+δ from 
oxygen non stoichiometry [8] at different 
temperatures
Fig. 4. The dependence of the concentration 
of electronic defects LaMn0.95Cu0.05O3+δ 
from oxygen non stoichiometry at different 
temperatures
Table 1
The values of thermodynamic parameters temperature dependences of the equilibrium 
constants of the processes of disordering LaMn1-zCuzO3+δ
z
Eq
ua
tio
n
R
ea
ct
io
n
ΔH,
 
kj
mol ln(K0)i R2
0.
05 5
3 85.1 1.53
0.9961 52.8 14.2
2 –293.4 –38.0
0.
1 5
3 6000 477
0.9761 118.0 29.3
2 –242.6 –34.2
0.
1 6
1 178±33 14.9±3
0.994
2 –163±30 –29.5±3
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out on the basis of results of model analy-
sis of equation (6).
As an example in Fig. 3–6 the depen-
dencies of the concentration of localized 
electronic defects from oxygen nonstoi-
chiometry LaMn1zCuzO3+δ are z = 0, 0.05 
and 0.1, respectively. For comparative 
purposes, based on the concentration of 
holes localized on the manganese atoms, 
the magnitude of δ for various composi-
tions LaMn1zCuzO3+δ is shown in Fig. 6.
As can be seen from these drawings, 
the addition of copper in LaMnO3+δ leads 
to a noticeable change in the electronic 
disordering manganese sublattice, which 
is reflected in the increase in the concen-
tration of holes and decrease of the con-
centration of electrons localized on the 
manganese atoms. 
The concentration of electrons local-
ized at the copper atoms is almost con-
stant in the whole area of excess oxygen 
for manganite LaMn0.95Cu0.05O3+δ and 
does not depend on temperature, being 
equal to the total copper content, whereas 
this value for LaMn0.90Cu0.10O3+δ varies in 
a wide interval when changing the oxygen 
content and temperature.
The observed increase in the content of 
Mn+4 in the lanthanum manganite when it 
is doped with copper is consistent with the 
findings of [9], made on the basis of the 
redox titration of samples of copper sub-
stituted lanthanum manganites. Found in 
the present work, the change in the con-
centration of Cu+2 for LaMn0.90Cu0.10O3+δ 
depending on the oxygen index and tem-
perature beyond stoichiometric indirectly 
supported by the results of [10], which is 
obtained for this composition range x-ray 
photoelectron spectroscopy was unable to 
decipher in the assumption that all copper 
is located only in the state +2. At the same 
time the authors [10] found the absence 
of Mn+2 in LaMn0.90Cu0.10O3+δ is consist-
ent with the results of the model analysis 
of the defect structure of the manganite 
which is made in the present work.
Conclusions
Doping of the lanthanum manga-
nite of copper has a significant impact 
primarily on the oxygen content and its 
electronic subsystem. This is observed in 
the consecutive change of the dominant 
electronic process from the dispropor-
Fig. 5. The dependence of the concentration 
of electronic defects LaMn0.9Cu0.1O3+δ from 
oxygen non stoichiometry at different 
temperatures
Fig. 6. The dependence of the concentration 
of electronic defects LaMn1-zCuzO3+δ from 
oxygen non stoichiometry at different 
temperatures
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tionation of manganese to the reaction of 
the electronic exchange between the man-
ganese and copper increases the content 
in LaMn1-zCuzO3+δ, and decrease in oxy-
gen content. When the concentration of 
the dopant is z = 0.3, the response of the 
electronic exchange between manganese 
and copper, apparently, is the only process 
of disordering LaMn1-zCuzO3, that is ex-
pressed in its stoichiometric composition 
of oxygen in the whole studied range of 
temperature.
1. Jonker G. H., Van Santen J. H. Ferromagnetic compounds of manganese with 
perovskite structure. Physics. 1950;16;337–349.
2. N. H. Menzler, F. Tietz, S. Uhlenbruck, H. P. Buchkremer, D. Stöver. Materials and 
manufacturing technologies for solid oxide fuel cells. J. Mater. Sci. 2010;45:3109–
3135.
3. Santen J. H. van Jonker G. H. Electrical conductivity of ferromagnetic compounds of 
manganese with perovskite structure. Physics. 1950;16:599–600.
4. Royer S., Duprez D. Catalytic Oxidation of Carbon Monoxide over Transition Metal 
Oxides. ChemCatChem. 2011;3:24–65.
5. Chan K. S., Jaenicke S., Chuah G. K. and Lee J. Y. Catalytic carbon monoxide oxi-
dation over strontium, cerium and copper-substituted lanthanum manganates and 
cobaltates. Applied Catalysis A: General. 1994;107:201–207.
6. Petrov A. N., Zuev A. Yu., Tikchonova I. L. Voronin V. I. Crystal and defect structure 
of the mixed oxides LaMn1-zCuzO3±y (0£ z ≤0.4). Solid State Ionics. 2000;129:179–188.
7. Jonker G. H. Magnetic and Semiconducting Properties of Perovskites Containing 
Manganese and Cobalt. J. Appl. Phys. 1966;37:1424–1430.
8. Zuev A. Yu., Tsvetkov D. S. Oxygen nonstoichiometry, defect structure and defect-
induced expansion of undoped perovskite LaMnO3±δ. Solid State Ionics. 2010;81:557–
563.
9. Porta P., De Rossi S., Faticanti M., Minelli G., Pettiti I., Lisi L., Turco M. Perovskite-
Type Oxides I. Structural, Magnetic, and Morphological Properties of LaMn1-x 
CuxO3-d and LaCo1-xCuxO3-d Solid Solutions with Large Surface Area. J. of Solid State 
Chemistry. 1999;146:291-304.
10. Tabata K., Hirano Y., Suzuki E. XPS studies on the oxygen species of LaMn1xCuxO3+λ. 
Applied Catalysis A: General. 1998;170:245–254.
Zuev A. Yu., Tsvetkov D. S.
